Cell death induced by the phenolic antioxidant tert-butylhydroquinone and its metabolite tert-butylquinone in human monocytic leukemia U937 cells.
2-tert-Butyl-4-hydroquinone (TBHQ), a phenolic antioxidant used as a food additive, and its metabolite 2-tert-butyl-1,4-benzoquinone (TBQ) were both cytotoxic in human monocytic leukemia U937 cells, TBQ being the more strongly cytotoxic. Both compounds induced caspase activity towards DEVD-MCA as a substrate and the cleavage of poly(ADP-ribose) polymerase in cells. Enzyme activities of caspase-3,-7,-6 and -9 seemed to be induced, and procaspases-3 and-7 were processed to active forms in cells treated with TBHQ and TBQ. They induced nuclear condensation and fragmentation in some cells. Electron microscopic examination revealed severe disruption of mitochondrial structure and the formation of intracellular vacuoles. Morphological changes were more marked in the cells treated with TBHQ than TBQ. Mitochondrial transmembrane potential was disrupted. Cytochrome c was released from mitochondria to cytosol and ATP level was moderately decreased by the treatment of cells with these chemicals. Cellular glutathione (GSH) appeared to contribute to defense against cell death induced by TBQ, but its contribution was not marked in the case of TBHQ. TBHQ and TBQ exhibited the apoptotic features in various assays, but the mode of cell death may not be defined as a typical apoptosis or necrosis.